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1 . A method of forming a mask, comprising: 
forming a first layer of material over a suhstf ate; 
forming an opaque layer overlying s^id first layer of material, said 

opaque material layer having at least one on^Jning therein filled with a second 
material, said second material residing jewer said first layer of material and defining 
areas of said first layer of material vmich are to be removed; 

using said secopa material as a mask to remove said areas of said first 
layer of material; and 

removing said second material. 

2. The method of claim 1, wherein the using of said second material as a 
mask comprisfes providing a first region from w^hich said first layer of material is 
removed, ydnd the removing of said second material comprises providing a second 
region /rom which said second material is removed, said first and second regions 
having different phase shift characteristics with respect to Ught transmitted 

;re through. 

3. The method of claim 2, wherein said first region provides a phase shift 
with respect to light transmitted therethrough of 180 degrees and said second 
region provides a phase shift with respect to light transmitted therethrough of zero 
degrees. 

4. The method of claim 2, wherein said first region provides a phase shift 
widi respect to light transmitted therethrough of zero degrees and said second 
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region provides a phase shift witli respect to Ught transmitted therethrough of 180 
degrees. 

5. The method of claim 2, wherein said first and second regions form a 
rim type phase -shifter. 

6. The method of claim 2, wherein said at least one opening comprises a 
plurality of openings. 

7. The method of claim 6, wherein said first and second regions form a 
Levenson-type phase-shifter. 

Vv V 8. The method of claim 1, wherein the forming op^id opaque layer 
10 comprises 

depositing a first resist material on said opaque layer; 
removing a portion of said first/esist material, leaving said opening; 
etching an uncovered portion of said opaque layer underlying the 
removed portion of said first resist material, thereby deepening said opening; and 

9. The metho^^f claim 8, wherein the using of said second material as a 
mask comprises: 

providing said second material within said opening and over said 

opaque layer; 

20 ydirecting a first exposure through said substrate to expose a portion of 
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said second material; 

hardening die exposed portion of saij^second material; 

directing a second exposure at^d second material to remove any 
unhardened portions of said second ma;terial; 

providing a third material over said opaque layer and said hardened 
portion of said second material/^ 

performing a lithographic step on a portion of said third material 
overlying and bounded lz(y said seooi^iTT^terial to expose and remove said portion of 
said third material; aira \^ 

etchmg said first layer of material underlying said exposed and 
removed porticm of said third material. 

10./ The method of claim 9, wherein said second material is a positive-tone 
resist m/terial capable of making an image reverse tone. 

/ 11. The method of claim 9, wherein the exposed portion of said second 
material is harden by baking. 

12. The method of claim 1, wherein said first layer of material comprises a 
material adapted to allow a 180 degree phase shift with respect to open areas of said 
substrate. 



1187820 v1; PGJ001LDOC 



Micron Rcf. No.: 00-0607 -17- Docket No.: M4065.0376/P376 

13. The method of claim 12, wherein said first layer of material comprises 
one or more from the group consisting of molybdenum-silicide, chromium -fluoride, 
silicon nitride -titanium nitride, tantalum siUcide, and zirconium siUcon oxide. 

14. The method of claim 13, wherein said first layer of material comprises 
moly bdenum-silicide . 

15. The method of claim 13, wherein said first layer of material comprises 
chromium fluoride. 

16. The method of claim 1, wherein said substrate comprises a material 
transparent to ultraviolet light. 

17. The method of claim 16, wherein said substrate comprises quartz. 

18. The method of claim 1, wherein said opaque layer comprises 
chromium. 

19. A mask formed by the method of claim 1. 

20. A method of forming a ma&k^ comprising: 

forming an opaqme laypr over a substrate, said opaque layer having at 
least one opening therein filled ^th a firstj^^aterial, said first material defining areas 
of said substrate which are xj6 be removed; 

using said ^rst material as a mask to remove said areas of said 
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substrate; and \ ^ 

removipfg\aid first material. 

^\^^\ 21. The method of claim 20^^^fherein the using of said first material as a 
m^k comprises providing at least ^0nc first region from which said opaque material is 
removed, and the removing ^fsaid fi^^;xiaterial comprises providing at least one 
second region from whicl/said first material is removed, said first and second regions 
having different phase /shift characteristics with respect to light transmitted 
therethrough. 



22. The method of claim 21, wherein said first region provides a phase 
shift with respect to light transmitted therethrough of 180 degrees and said second 
region provides a phase shift with respect to light transmitted therethrough of zero 
degrees. 

23. The method of claim 21, wherein said first region provides a phase 
shift with respect to light transmitted therethrough of zero degrees and said second 
region provides a phase shift with respect to light transmitted therethrough of 180 
degrees. 

24. The method of claim 21, wherein said first and second regions form a 
rim type phase-shifter. 
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25. The metJiod of claim 21, wherein said at least one first region 
comprises a plurality of first regions and wherein said at least one second region 
comprises a plurality of second regions. 

26. The method of claim 25, wherein said at least one of said first and 
5 second regions form a rim type phase -shiftier. 

27. The method of claim 26, wherein said at least one of said first and 
second regions form a Levenson-type phase-shiflier. 

S 28. The method o^ claim 20, wherein the fopriing of said opaque layer 

=1 comprises: 

ao depositing a first kesist materi^on said opaque layer; 

^ removing a portion^ of said first resist material, leaving said opening; 

y etching an uncover^ portion of said opaque layer underlying the 

removed portion of said first ^^ist material, tj^eby deepening said opening a first 
time; and 

15 removing the remainder oSsaid first resist material. 

29. The method of claim 28, fiirther comprising etching the substrate 
defined by said deepened opening, thereby deepening said opening a second time. 

30. The method of claim 29< wherein the using of said first material as a 

V 7 h 

mask comprises: / /J|r 

20 providing said firs^ material within said twice deepened opening and 
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over said opaque layer; 

directing a first exposure through said siij^^trate to expose a portion of 
said first material; 

hardening the exposed portion cff said first material; 
directing a second exposure/at said first material to remove any 
unhardened portions of said first mate^al; 

providing a second niaterial div€j?^^d opaque layer and said hardened 

n 

portion of said first material; / / 
5 performing a lim step on a portion of said second material 

40 overlyiag and bounded hy said first material to expose and remove said portion of 

^ said second material; and 

etching said opaque layer underlying said exposed and removed 
y portion of said second material. 

y / 

^ 31. The method of claim 30, w^herein the exposed portion of said first 

15 material is hardened by baking. 

32. The method of claim 30, wherein said first material is a positive-tone 
resist material capable of making an image reverse tone. 

^-^^^A, 33. The method of claim 28,^dlerein the using of said first material as a 
m^k comprises: / ^ 

20 providing said first rfiaterial within said deepened opening and over 

said opaque layer; 
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directing a first exposure through said sp^strate to expose a portion of 
said first material; 

baking said first material to harden the exposed portion of said first 

material; 

directing a second e/posure at said first material to remove any 
unhardened portions of said fivst material; 

providing a SG^cond materf^al over said opaque layer and said hardened 
portion of said first material; 

perforrmng a lithographic step on a portion of said second material 
overlying and bounded by said first material to expose and remove said portion of 
said second material; and 

^ching said opaque layer underlying said exposed and removed 
portion of saiti second material. 

34. The method of claim 33, further comprising etching said substrate 
underlying said etched opaque layer and removing the remainder of said first and 
second materials. 

35. The method of claim 33, wherein said first material is a positive-tone 
resist capable of making an image reverse tone. 

36. A mask formed by th^^iet||fi^ of claim 20. 
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^'^^^^ 37. A mask comprising at^^^st one printable area which is self- aligned 
with respect to an adjacent phase/^hif^rea. 

38. The mask of ^laim 37, wherein said printable area comprises a 
printable contact area. 




39. The mask of clj^im 37/^|a:6r^in said printable area comprises a 
printable line area. 

40. The lyiask of claim^7, wherein said mask is a reticle. 

41. The mask of claim 37, wherein sajf^mask comprises a substrate and an 
opaque layer. / 

^^J^^/" 42. The mask of claim 41, \\^iep^^^ 

said substrate and said adjacent phase/shift area is located in said opaque layer. 

43. The mask oDfj^^uUi^^-wherein said substrate is formed of quartz and 
said opaque layer is forraf^d c?£ chromium. 

44. The mask of clairil 41, ftirther comprising a layer overlying said 
opaque layer, said printable conm^zrc2^^^ng formed in said opaque layer and said 
adjacent phase shift area beings formed in said layer. 



1 1 87820 v1 ; PGJ001 !.DOC 



